We have resolved Kelu-1 into a binary system with a separation of ∼300 mas using the Laser Guide Star Adaptive Optics system on the Keck II telescope. Observations on two epochs confirm the companion shares a common proper motion with Kelu-1A and shows evidence of orbital motion. Kelu-1B, which is fainter than Kelu-1A by 0.39±0.01 magnitudes in the K ′ filter and 0.50±0.01 magnitudes fainter in the H filter has an approximate spectral type of L3.5. The separation of flux into the two components rectifies Kelu-1's over-luminosity problem that has been known for quite some time. We use the lack of a previous HST detection of this companion as evidence this system is nearly edge-on with an inclination >70 o .
Introduction
Kelu-1 was discovered as part of a proper motion survey (Ruiz, Leggett, & Allard 1997) and is located 18.7 pc from the Sun (Dahn et al. 2002) . Its optical spectrum contains Li I absorption, making it, along with DENIS-P J1228.2-1547 and DENIS-P J0205.4-1159 (Delfosse et al. 1997) , among the first of the known brown dwarfs in the field. With the discovery of more objects like Kelu-1 from the DEep Near-Infrared Survey (DENIS), the 2-Micron All-sky Survey (2MASS), and the Sloan Digital Sky Survey (SDSS), a spectral sequence was established (Kirkpatrick et al. , 2000 Martín et al. 1999b) , and Kelu-1 was assigned a spectral type of L2 in the optical ) and L3 in the near-IR ). These other discoveries also provided a baseline against which to compare Kelu-1's other characteristics. For example, it was quickly realized that Kelu-1 was much brighter than other L2 dwarfs, causing Martín et al. (1999b) to first suggest Kelu-1 a a binary. This super-luminosity has been seen in other studies (Leggett et al. 2001; Golimowski et al. 2004) where the main source of this over-brightness was attributed to either an unresolved binary or a young age. Martín, Brandner, & Basri (1999a) observed two brown dwarfs on 1998 August 14 with the NICMOS camera on HST: Kelu-1 and DENIS-P J1228.2-1547. DENIS-P J1228.2-1547 was clearly resolved into a binary with a separation of 275 mas; no companion was found for Kelu-1 for separations greater than 300 mas and ∆F165M < 6.7. The only other HST observations of Kelu-1 were NICMOS spectra obtained 1998 June 19. These observations were subjected to guiding errors and were unsuitable for discovering companions. Koerner et al. (1999) observed Kelu-1 in a non-AO, seeing-limited program on Keck I using the NIRC instrument on 1998 February 14 and 1999 February 9. Because Kelu-1 had a fairly circular point spread function during these observations (PSF FWHM≈0.27 ′′ ), it was used as a PSF star for the other companion search targets of their project (which included the known binary DENIS-P J1228.2-1547). While these observations did not discount Kelu-1 as being a very close, unresolved binary, they warranted a look at the young age hypothesis.
Based on the strength of the Li I absorption feature, the age of Kelu-1 is constrained to 0.3-1 Gyr . With this age range and Kelu-1's brightness, it should have an effective temperature of 2100-2350 K, about 400 K higher than objects with similar spectral types ). For it to have an effective temperature consistent with other L3 dwarfs, Golimowski et al. indicate Kelu-1 must have an age of ∼10 Myr, more than an order of magnitude lower than the Li I-established lower age limit. These discrepancies mean that a young age is unlikely to be the cause of the over-luminosity.
Aside from the luminosity, there is other evidence that supports the binarity of Kelu-1. It is reported to be photometrically and spectroscopically variable with a period of 1.8 hrs (Clarke, Tinney, & Covey 2002; Clarke, Tinney, & Hodgkin 2003) . If this period corresponds to an orbital period, then the system would likely be circularized and the orbital radius of the system would be less than a solar radius (Clarke et al. 2002) . In addition, Clarke et al. (2002) claim that the ∼120 km s −1 radial velocity produced by a very close binary such as this could account for the large line broadening (60±5 km s −1 ) measured by Basri et al. (2000) .
We are conducting a survey of L and T dwarfs with the Keck Observatory Laser Guide Star Adaptive Optics system (LGS AO) in an effort to determine binarity in these objects (an article describing the full details of this project is in preparation). We included Kelu-1 in our survey in an effort to resolve the controversy over its binarity and over-luminosity and to search for any low-mass companions. We report in this Letter the detection of a companion to Kelu-1.
Observations and Data Reduction
Observations of Kelu-1 were obtained with NIRC2 (K. Matthews et al. in preparation) on 2005 March 4 and 2005 April 30 during shared-risk time. Skies were photometric on both nights and the LGS AO system provided very good corrections on our target stars. Kelu-1 was observed with the K ′ filter during both epochs, with additional observations in the H filter in April. The images were reduced using custom and public IDL scripts.
For each night, two sets of reduced images were produced from the data: a photometric set and an astrometric set. The only difference in these sets is that an image distortion correction was performed on the astrometric data set. The distortion in the narrow camera is negligible within a region a few hundred pixels on a side around the center of the chip and gradually increases to as much as 4-5 pixels near the edge. While the correction fixes the distortion with residuals of 0.81 and 0.62 pixels in the x and y directions, respectively, it does not preserve flux information. Consequently, its use in images for photometric analysis is not suitable.
The plate scale for both nights was determined using astrometric images of the core of the globular cluster M5. This field was observed with WFPC2 on HST, with the stars in common with our observations present in the Planetary Camera. We imaged this field with a 4 (in April) or 5 (in March) position dither pattern in the narrow camera (≈10 ′′ field-of-view). From the WCS information in the HST image headers, we determined the sky positions of several stars present in our NIRC2 images. These positions were then used to calculate the plate scale and rotation angle for each position in the dither. The average of these values is the resultant scale and rotation for that night. The errors in these quantities are equal to the standard deviation of the measurements. Table 1 presents the plate scale for these nights.
In our March 4 images of the Kelu-1 field, we saw what appeared to be a binary object with a separation ∼300 mas. Given the lack of a previous HST detection of a companion to Kelu-1, we were quite surprised at seeing a nearly equal brightness object next to Kelu-1. Consequently, we feared we might have observed the wrong target. During our 2nd epoch observations, we used NIRC2's wide camera with a nominal plate scale 0.04 ′′ pix −1 and a 40 ′′ field-of-view to construct a wide mosaic of the environment around the binary object. The resulting 70 ′′ ×70 ′′ mosaic clearly demonstrated that the position of the binary was coincident with the location of Kelu-1 as shown in 2MASS finding charts. We have no doubts that this object is Kelu-1.
We determined the separation and position angle of candidate companion by using an average of measurements on the individual reduced astrometric images. The errors are the result of the standard deviation of these measurements. Table 2 shows these results, along with the companion's predicted separation and position angle on the second night if it were a background object. The moderately large proper motion of Kelu-1 (285.0±1.0 mas yr −1 at 272.2±0.2 deg; Dahn et al. 2002) made it possible to confidently confirm physical companionship based on observations separated by only two months. The measured positions of the companion were about 15σ away from its predicted background position, clearly demonstrating that these two objects have a common proper motion and are physically associated. Henceforth, the bright component will be called Kelu-1A and the fainter companion Kelu-1B.
For both nights, all of the photometric images were offset such that Kelu-1A was in the same location in the overlap region. This image stack was then median averaged to obtain the final image (Figure 1) . Photometry was performed on this image. The components were well separated and no PSF subtraction routines were needed. No photometric standards were observed on either night, so only differential photometry is shown in Table 3 .
Discussion

Spectral Types and Photometry
The spectral types of the components can be estimated using the photometry and absolute magnitude-spectral type relation in Vrba et al. (2004) and the differential photometry presented here. For this exercise we assume that the H and K ′ filters used in this study are equivalent to the CIT H and K filters employed by Vrba et al.. While we know that this is not the case, our interest is only in approximately determining the spectral types of the components; the only way to spectral type these or any other objects is to obtain properly calibrated spectra.
The absolute CIT H and K magnitudes of Kelu-1AB are 11.12 and 10.45, respectively. Coupled with our measured ∆H=0.50 and ∆K ′ =0.39, the magnitudes of the components become With this photometry and spectral type estimate, we can place these objects on magnitudespectral type diagram. Figure 2 presents a modified version of Figure 4 from Vrba et al. (2004) . It is quite clear that the over-luminosity of Kelu-1AB was caused by the unresolved binary and not due to any age effects.
System Characteristics
The discovery of Kelu-1AB's binarity, coupled with the lack of a detection circa 1998 presents an interesting dilemma. If the separation of Kelu-1B was the same during the HST observations as it was during our NIRC2 observations, then it should have been easily detected. Given that the binarity was also not detected with the Keck telescope on two separate nights six months on either side of the HST observations makes mispointings by these telescopes unlikely. If Kelu-1B was outside of the fields-of-view of these telescopes, it would have had a separation of several arc seconds and would have been easily detected from the ground with virtually any telescope.
The most likely explanation for the undetected companion is that the two objects were close enough to each other to be unresolved during the previous Keck and HST observations. This would require a separation during the HST observations of <100 mas, resulting in a system inclination >70 o , assuming the 289 mas separation measured on April 30 is a maximum separation 1 and the orbit is circular. While not strictly edge-on, this orientation could account for the high rotation velocity of the unresolved pair (Basri et al. 2000) . Since brown dwarfs are expected to have radii approximately equal to that of Jupiter (Burrows et al. 1997) , the apparent disk diameters of Kelu-1A & B are ≈50 µas, 20 times smaller than the NICMOS PSF. There is no reason to suspect at this time that Kelu-1AB is an eclipsing system. It is not known if the Li I absorption at 6708Å detected by Ruiz et al. (1997) and others is from one or both components. Nonetheless, its presence does indicate that the mass of at least one of the components is ≤0.06 M ⊙ (Chabrier & Baraffe 1997; Basri 1998) . If the object with the Li I absorption is from the brighter and presumably more massive component, then the total system mass would be <0.12 M⊙. If, on the other hand, the Li I absorption is from fainter, less massive component, then the total system mass would be >0.12 M ⊙ . Given this uncertainty, we will assume for these simple calculations that the total system mass is 0.12 M ⊙ .
Combined with a projected separation of 5.4 AU, this total mass produces an orbital period of ≈37 years. This period is important for two reasons. First, it means that it is possible to obtain dynamical masses for the components in a reasonable time-frame, something that has been done for only a few other binary brown dwarf systems Zapatero Osorio et al. 2004; Bouy et al. 2004 ). Second, this period means that the 1.8 hour period (or 3.6 hours if the variations are ellipsoidal in nature) reported by Clarke et al. (2002 Clarke et al. ( , 2003 is not due to this binary. Perhaps one of the components is itself a very close binary, or perhaps the shorter period is simply the rotation period for one of the components. In addition, it is possible that the 60 km s −1 rotation velocity measured by Basri et al. (2000) on 1997 June 2 is from a composite spectrum. The maximum orbital velocity for Kelu-1AB is only ∼3 km s −1 , which translates to a displacement of ±0.09Å and ±0.08Å for the Cs I and Rb I atomics lines used by Basri et al.. This wavelength shift cannot account for the large equivalent widths of these lines (1.7Å and 2.54Å for Cs I and Rb I, respectively), so some other mechanism must be at work. Certainly, more high resolution imaging and spectroscopy are needed to fully characterize and understand this fascinating system.
Conclusions
We have used the LGS AO system on the Keck II telescope to discover the binarity of Kelu-1AB. Images from two epochs confirm the pair as having a common proper motion and even suggest that Kelu-1B is increasing its separation from Kelu-1A. We use the previous lack of companion detections to place a lower limit of 70 o on the inclination of this system. While this companion detection does rectify the over-luminosity "problem," it cannot account for the 1.8 hour photometric period or the 60 km s −1 rotation velocity.
Finally, we note that as we were in the process of submitting this Letter, we were informed by M. Liu that he had submitted a similar article announcing the discovery of Kelu-1's binarity.
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